Abstract Besnoitia caprae is a tissue cyst-forming protozoan that infects goats and has considerable economic importance in certain regions of Asia and Africa. Murine macrophage J774 cell line was inoculated with tachyzoites of Besnoitia caprae (BC-Pars isolate) collected from mice. A significant growth of tachyzoites was observed in J774. Mice were inoculated with tachyzoites harvested from J774 cell culture. Skin samples from the mice infected with tachyzoites of BC-Pars were PCR positive. One mouse showed alopecia and skin lesions on 45 DPI. Dermal lesions started from around right eye and gradually developed more and more. After euthanasia on 60 DPI, histopathological evaluation of skins around the eye showed necrosis of the epidermis and follicular adnexa with chronic inflammatory cell infiltration. Histopathological sections of their skin showed the presence of necrosis and mononuclear cell infiltration. To the authors' knowledge, this is the first report of successful production of Besnoitia caprae tachyzoites was achieved in vitro by suspension culture technique. Another interesting finding is the report of the alopecia and skin lesions around the eye in mouse that quite similar to lesions of goats due to infection of Besnoitia caprae.
Introduction
Parasites of the genus Besnoitia has been formerly reported in ten genuses of various animals (Dubey and Yabsley 2010; Leighton and Gajadhar 2001) . Besnoitiosis is a severe but usually non-fatal disease with considerable economic impact (Frenkel 1977; Glover et al. 1990; Heerden et al. 1993; Neuman and Nobel 1981) . Caprine besnoitiosis due to Besnoitia caprae is recognized as a host specific parasite in goats as intermediate hosts; while the definitive host for this protozoa is still mysterious (Bwangamoi 1967 (Bwangamoi , 1968 . It is endemic in domestic and wild goats of some of the African and Asian countries (Cheema and Toofanian 1979; Bwangamoi et al. 1989; Bwangamoi and Njenga 1993; Oryan and Sadeghi 1997) . Reducing the spermatogenic activity and devaluation of the skin and leather quality are the consequences of this parasitic disease which makes great economic losses in the goat industry (Bwangamoi et al. 1989; Bwangamoi and Njenga 1993; Cheema and Toofanian 1979; Njenga et al. 1999; Oryan and Azizi 2008) . Oryan et al. (2010) displayed significant different biological characteristics between the two isolates (BC-1 and BC-2) of B. caprae and they revealed that the inbred BALB/c mice infected with a high dose of BC-1 died and those infected with lower doses showed consistent pathological lesions. Since large-scale experiments on goats are costly, laboratory animal models and cultivation in vitro are used in studies on Besnoitia caprae. There are several reports available on cell cultivation of Besnoitia besnoiti, for instance cultivation of Besnoitia besnoiti on five mammalian cell types which showed Vero (green monkey kidney), L 9 2 9 (mouse fibroblasts) and BEK (bovine embryo kidney) cells were highly susceptible and were almost destroyed after 5 days of incubation, while MDBK (Madin-darby bovine kidney) and BL (Theileria annulata-infected bovine lymphoid) cells were less affected (Shkap et al. 1987) .
Up to now, there is just one report available on cell cultivation of Besnoitia caprae. Namavari et al. (2012) has successfully cultured Besnoitia caprae on BHK 21 monolayer cell line, but their attempts to replication of parasites in MDCK and Vero cell had no result. According to the limitations of monolayer culture systems, in this study we tried to culture B. caprea on J774 cell line to evaluate the capacity of this cell line as a suspension cell culture to support its growth.
Materials and methods

Multiplication of Besnoitia caprae tachyzoites
Seven weeks old male healthy BALB/c mice were infected with Pars isolate of Besnoitia caprae (Namazi et al. 2011 ). Tachyzoites at seed count of 2 9 10 5 were suspended in 0.2 ml RPMI-1640 medium, and intraperitoneally injected into the mice.
Cell cultivation
The tachyzoites obtained from mice were released from the cells by passing them through a 27 G needle and counted in a Neubauer chamber. The J774 cell line which used as host cell was inoculated with 5 9 10 5 tachyzoites of B. caprae. The host cell was maintained in DMEM, 2 % FCS and an antibiotic/antimycotic solution, containing penicillin (10,000 U/ml), streptomycin (100 lg/ml), and amphotericin B (25 lg/ml) (Invitrogen, USA). Cell line and parasites were maintained in an incubator at 37°C with 5 % CO 2 in a humidified atmosphere. Whole development process of B. caprae tachyzoites in J774 cell line was observed daily under an inverted phasecontrast microscope for 7 days. The numbers of tachyzoites from 5 samplings in each well were counted using a Neubauer chamber and the result being expressed as an average.
Inoculation of B. caprae tachyzoites into BALB/c mice
Two groups each having eight mice were inoculated intraperitoneally with 1 9 10 5 and 5 9 10 4 tachyzoites obtained from J774, while the control group was inoculated with 200 ll DMEM. The animals were monitored daily for overt clinical signs such as changes in demeanour or skin appearance.
Histopathological and PCR analysis
The samples for histopathological examinations were fixed in 10 % neutral buffered formalin, embedded in paraffin and sections of 5 lm in thickness were stained with haematoxylin and eosin (H&E) and studied with an ordinary light microscope (Olympus, Tokyo, Japan). The samples for DNA extraction and PCR analysis were labeled and kept in -70°C. The employed protocol for DNA extraction and PCR assay of skin samples was as in the previous description Namazi et al. 2010) . Specific primers were designed for the amplification of the whole internal transcribed spacer 1(ITS1), 5.8S rDNA and ITS2 regions of the ribosomal DNA. Sterile water was used as the negative control.
Results
The mice inoculated with bradyzoites of BC-Pars died and tachyzoites were then harvested from the peritoneal cavity by lavage with 8 ml RPMI-1640 medium. Numbers of BCPars tachyzoites, cultured in J774 cells, increased regularly up to day 6 without showing any decline except on day 7, when cells became almost lysed. The mice received 1 9 10 5 tachyzoites died, however the mice inoculated with 5 9 10 4 tachyzoites obtained from J774 survived until 60 DPI. One of the survived mice showed alopecia and skin lesions on 45 DPI (Fig. 1a) . Dermal lesions started from around the left eye and gradually developed more and more and finally prolonged to mouse.
Gross examination the skin showed hyperkeratosis and thickening of the area After euthanasia on 60 DPI, histopathological evaluation of skins around the eye showed mild to moderate necrosis, chronic inflammatory cell infiltration with mild hyperkeratosis (Fig. 2) . The control animals showed no mortality, clinical signs or histopathological lesions. Skin samples from the mice infected with tachyzoites of BC-Pars showed a single product of 755 bp similar to those of the positive control but negative control was PCR negative. 
Discussion
There are several reports on the in vitro isolation of B. besnoiti in cell cultures (Bigalke 1968; Neuman 1974; Gobel et al. 1985; Shkap et al. 1987; Cortes et al. 2006) . Vero cells are often used for the in vitro cultivation of B. besnoiti (Bigalke et al. 1974; Neuman 1974; Gobel et al. 1985; Shkap et al. 1987; Cortes et al. 2006) . Namavari et al. (2012) introduced BHK 21 as a suitable cell line to support BC-Pars growth, while there was no report available on cultivation of B. caprae yet. They employed Vero and BHK21 cell lines which had successfully been used for the cultivation of B.besnoiti before. Their result was in agreement with the previous findings reported by Schares et al. (2009) who observed complete failure to isolate B.besnoiti via Vero cells and the best replication of tachyzoites was in BHK21 cells. There are some significant limitation aspects in scaling up the parasite production on monolayer cell lines. They are anchorage-dependent, and in the absence of surface attachment interactions between the integrins and extracellular matrix, these cells do not proliferate (Folkman and Moscona 1978; Assoian 1997; Griffiths 2001) . In this regard, suspension culture systems as homogeneous systems independent of any carrier did not return any limitation regarding scaling up that parasite, in vitro and the area where cells are grown could be critically controlled (Assoian 1997; Griffiths 2001) . Cell lines that can proliferate in suspension would greatly facilitate the process of B. caprae tachyzoite production. In that sense, in the present investigation J774 suspension was used for B. caprae cell culture to evaluate if it could be used to promote its growth.
J774 cells inoculated with tachyzoites obtained from the peritoneal cavity of mice supported the growth of the parasite and an acceptable replication rate was observed in this cell line. Our results also showed that we can induce skin lesions as clinical signs of besnoitiosis in the laboratory animals which these findings are in agreement with the previous findings reported by Namavari et al. (2012) . In addition, we observed dermal lesions around the eye prolonged to nose, which had never been reported in mice before. This lesion resembles the lesion which had seen in goat besnoitiosis before (Fig. 1b) . Pols (1960) and Bigalke (1981) stated that Besnoitia of all species have a high affinity for dermal, mucosal and serosal surfaces in their intermediate hosts. Bovine isolates showed a tendency to involve skin more than viscera, while wildebeest isolates are evidently more viscerotropists (Bigalke 1968) . Thickening, alopecia and hyperkeratosis in the skin of the infected goat occurs due to localization of Besnoitia cysts in the dermis and subcutaneous tissues that causes tissue necrosis and infiltration of mononuclear and eosinophils in the affected region (Dubey et al. 2004 (Dubey et al. , 2005 Njagi et al. 1998; Oryan and Sadeghi 1997; ). Oryan and Sadeghi (1997) also reported that the best method for confirming a diagnosis of caprine besnoitiosis in its intermediate host is by histopathological examination of the dermis and subcutaneous connective tissue of the tarsal and carpal areas, face, tendons, testis and the sclera of the eyes. Our histopathological evaluation of around the eye skin of mouse showed alopecia, hyperkeratosis and necrosis of the epidermis associated with chronic inflammatory cell infiltration, which were in agreement of similar previous studies in goats (Oryan and Sadeghi 1997) .
The mouse is cheap and available in all countries, so based on the present study it could be the selective choice for the isolation of B. caprae. This finding could be used in biological study of the parasite and other applicable investigations. The results of the present study showed the first successful isolation and growth of B. caprae culture in suspension cell line which could facilitate the future experimental studies on B. caprae like chemotherapeutic agents, diagnosis and control of besnoitiosis. In addition, the in vitro cultivation of B. caprae can produce a pure parasite for access to surface antigens and future vaccine production. 
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